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SURFACE COMPOSITIONAL AND STRUCTURAL ASPECTS OF MARTIAN SAMPLES; 
D. A.  Cadenhead, Department of Chemistry,  S t a t e  Un ive r s i ty  of N e w  York a t  
Buffa lo ,  Buffa lo ,  NY I421 4. 

There are many e x c e l l e n t  reasons t o  examine t h e  surface composition of 
a wide range of Martiar. samples. 
many dus t  and s o i l  p a r t i c l e s  have a l l th in l l  F e  layer w i t h  a t y p i c a l  
par t ic le  s i z e  i n  the  10 pm t o  400 pm range. I n  view of t h e  high CO conten t  
of  the atmosphere ( 1 )  one might expect t h a t  su r face  carbonates  shoufd be 
present .  I n  a d d i t i o n  t o  chemisorbed material there w i l l  probably ex i s t  
physisorbed atmospheric  components of the atmosphere inc lud ing  oxygen, 
n i t rogen  and water vapor. The l a t t e r  could poss ib ly  g ive  rise t o  some 
hydra ted  miner a1 s . 

The e x i s t i n g  s p e c t r a l  data i n d i c a t e  t h a t  

Using ultra-high-vacuum/mass spec t rog raph ic  techniques i t  should be 
p o s s i b l e  t o  d e t e c t  physisorbed and moderately s t r o n g  chemisorbed s p e c i e s  on 
t h e  p a r t i c l e  surfaces wi th  a temperature  programmed degassing procedure ( 2 ) .  
I n  some i n s t a n c e s  such an approach is capable  of he lp ing  d i s t i n g u i s h  between 
vo lcan ic  and impact generated materials by d e t e c t i n g  the  presence of 
fumerol ic  gases  (3 ) .  Such gases  t y p i c a l l y  condense on the  e x t e r i o r  of t h e  
ejected p a r t i c l e s .  Addi t iona l ly  surface atomic and chemical compositions 
should be examined by a combination of modern s u r f a c e  a n a l y t i c a l  t echniques .  
The combination w e  c u r r e n t l y  have i n  Buffa lo  a t  SUNY would appear t o  be one 
of  the b e s t  a v a i l a b l e  inc lud ing  ESCA (150 pm spot  c a p a b i l i t y )  Auger ( S A M )  
w i t h  3OOA focuss ing  f o r  surface compositional surveys,  SIMS f o r  high 
s e n s i t i v i t y  trace element de t ec t ion  and ISS f o r  immediate s u r f a c e  layer 
a n a l y s i s .  

One of the major ques t ions  the  Viking mission was supposed t o  answer 
was whether or  not p r i m i t i v e  l i f e  forms (microorganisms) exis ted on t h e  
Martian s u r f a c e .  The confusing results obtaified (an i n i t i a l  b u r s t  of 
r a d i o a c t i v e  CO formed dur ing  t h e  release experiment,  but no exponent ia l  
i n c r e a s e  and no organics  formed) l e f t  t h i s  ques t ion  e s s e n t i a l l y  unanswered. 
One of t h e  important  cond i t ions  f o r  a l i f e  form is probably t h e  e x i s t e n c e  of 
l i q u i d  water. It  has been claimed t h a t  there are ex tens ive  r eg ions  where 
the s u r f a c e  p re s su re  exceeds t h a t  of t h e  t r i p l e  po in t  of water. 
eva lua t ion  by C .  E. Farmer ( 1 4 )  concludes t ha t  l i q u i d  water may e x i s t  i n  
equi l ibr ium or i n  an evapora t ive  s teady  s ta te ,  p a r t i c u l a r l y  when mixed or 
covered by a s i g n i f i c a n t  layi?rs of f i n e  d u s t  p a r t i c l e s .  The best areas, 
Farmer sugges t s ,  would be a low e l e v a t i o n  w i t h  a l a t i t u d e  on the  poleward 
s i d e  of t h e  subso la r  p i n t ,  a t  or about t he  summer s o l s t i c e .  The d u s t  
c o n t r i b u t i o n  t o  t h e  e x i s t e n c e  of l i q u i d  water is thought t o  e x i s t  when slow 
evapora t ion  rates through t h e  i n t  er-dus t - p a r t  i c l  e-channels or pores  p e r t  a i  n. 
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A de ta i led  

We would l i k e  t o  extend t h i s  concept by po in t ing  o u t  t h a t  c a p i l l a r y  
condensat ion can s t a b i l i z e  the  ex i s t ence  of l i q u i d  water at r e l a t i v e  
p re s su res  as low as 0.2. T h i s  phenomenon occurs  i n  pores of 20-500A 
diameter or width (mesopores) and may be p red ic t ed  by a p p l i c a t i o n  of t h e  
Kelvin equat ion:  
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0 where p/p 
volume of t h e  water. R and R would d e f i n e  the  cu rva tu re  of t he  pore being 
p o s i t i v e  when measured hrom the  more dense s o l i d  o r  l i q u i d  phase. Mesopores 
such as these are known t o  e x i s t  i n  terrestr ia l  volcanic  samples being 
formed dur ing  the  " p l a s t i c "  cool ing  and degassing s t a g e  of the magma. They 
are rare  i n  l u n a r  samples (5 )  due t o  t h e  lack of an atmosphere, but  should 
e x i s t  i n  Martian volcanic  c inde r s .  I n  a d d i t i o n  t o  e l e v a t i o n  and l a t i t u d e  
r e s t r i c t i o n s ,  vo lcanic  s i t e s  should be considered f o r  poss ib l e  l i q u i d  water 
r e t e n t i o n  and possible l i f e  forms. 

is the r e l a t i v e  pressure ;  Y , V  t h e  surface t ens ion  and molar 
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